A maximum reduction of 20% of the ozone content in the altitude range 35-45 km is presently expected within the next 50 years. Early detection of trends is thus of particular importance to confirm such extrapolations. An active lidar system, which uses a powerful exciplex laser as the emitting source at 308 nm, has been operated at the Observatoire de Haute Provence to probe the upper stratospheric ozone distribution. A description of the lidar system and results of the measurements are given and compared with those obtained simultaneously by already proven techniques such as Brewer-Mast sondes and Umkehr spectroscopic measurements. A general agreement within the uncertainties of the various methods is found. The data are further analyzed to determine a total error budget and to extrapolate the potentiality of lidar systems, using up-to-date laser sources to reach a precison better than 3% in the considered altitude range.
. However, the rapid decrease both in atmospheric total density, which provides the support for light backscattering, and in ozone number density, which relates to the local optical thickness to be measured, makes measurements above 35 km very difficult without greatly increasing the laser-emitted power. The purpose of this paper is to describe the potentiality of lidar systems using a powerful exciplex laser source as the emitter to actively probe the upper stratospheric ozone distribution (30-50 km). Following the description of the experimental setup and related parameters, results of a first experiment will be presented, which will be used as a comprehensive basis for further extrapolation of the system accuracy with respect to the early detection of ozone concentration trends density in the upper stratosphere.
EXPERIMENTAL SYSTEM
The lidar system used for ozone measurements at the Observatoire de Haute Provence (44øN,5øE) since 1981, and the principle of the DIAL method have already been presented in detail by Pelon and M•gie [1982a] . In September 1983 an exciplex laser source was added to the system to probe the ozone vertical distribution in the upper atmosphere. The characteristics of the experimental setup are given in Table I. The emitter was an XeC1 exciplex laser provided by the SOPRA Company under contract with the Centre National d'Etudes Spatiales (CNES) in France. At the time of the experiment this system was in its first phase of development, and its emitting characteristics were therefore limited as far as the emitted energy is concerned. It included a single-oscillator cavity in a two-plane mirror configuration. The active medium was a gas mixture of Ar/He/Xe/HC1. Because of the large divergence of the system in this multimode configuration (5 mrad), the output energy had to be reduced from its nominal value (200 mJ) by spatial filtering to a value of 70 mJ, compatible with a 1-mrad maximum divergence adapted to the lidar receiver field of view. The pulse repetition rate was 20 Hz. No spectral selection was made in the oscillator cavity, so that the emitted spectrum included three laser lines, at 307.71, 307.96, eELON ET ,AL.' OZONE VERTICAL DISTRIBUTIONS Figure 3 . At lower altitudes the sonde data can still be considered as reliable, whereas some scattering in the measurements above 30 km can already be detected due to pump efficiency problems. Below 30 km, as already demonstrated in the case of the dye laser emitter rPelon and M•gie, 1982b], good agreement is obtained within the accuracies of the two instruments. Considering the Umkher data, the conversion from partial pressure to ozone number density has been made using a combination of radiosonde data and lidar data to calculate the vertical temperature distribution, as described previously. The temperature effectively used in the computation is then the temperature measured at the pressure level corresponding to the mean altitude of the Umkehr layer. As represented in Figure 3 , taking into account the difference in altitude resolution of the two systems, the comparison leads again to a rather good agreement. The differences for layers 7 to 9 (32 to 48 km) are lower than 3%, for example, within the error bars of the measurements, including the uncertainties due to the calculation of the ozone concentration from Umkehr measurements and the accuracy on the ozone absorption cross sections. In layers 5 (23.5 to 28 km) and 6 (28 to 32 km), Umkehr values are lower by 20 and 8% respectively. This difference can most likely be attributed to the presence of aerosols at lower altitudes (cf. Figure 2) [DeLuisi, 1979] . Whereas these measurements already give a fair evaluation of the lidar system accuracy for ozone measurements above 40 km, a definitive answer with respect to the potentiality of this system for ozone trends monitoring will be given only after completion of numerous measurements allowing a statistical analysis of the system performances. However, these preliminary measurements can be used to evaluate the measurement precision which will be obtained with up-to-date exciplex lidars as presently achievable, taking into account both statistical and systematic errors.
DISCUSSION
As pointed out previously, one of the major goals in the monitoring of the stratosphere is the early detection of any ozone depletion at the 40-km altitude level. In this respect the main advantage of an active system such as the lidar is the operator control of the source, which leads to autocalibration of each system at any time and thus its independence within a given network. This is due to the fact that the ozone number density is directly derived by ratioing the signals themselves for two altitude levels and two wavelengths each. The only assumption to be made is then the constant time response of the system, in microseconds range, which corresponds to the height resolution.
Two types of errors have to be considered, as already analyzed by Pelon and M•gie r1982a-I: (1) the statistical error related to the signal to noise ratio and to the local ozone absorption to be measured (this error is dependent on the choice of the emitted wavelengths and on the system parameters), and (2) When considering the overall uncertainty resulting from both statistical and systematic errors, as analyzed here, lidar measurements using up-to-date commercially available laser sources will have the potentiality to probe the ozone distribution in the upper stratosphere with a precision compatible with the geophysical objectives: at 40 km for a 4-hour integration time one can expect a global precision better than 3% for a 3.5-km altitude resolution, whereas the same precision will require an integration time of 6 hours and an altitude resolution of 7 km at 45 km.
CONCLUSION
The use of powerful ½xciplex laser sources directly emitting in the UV spectral range has allowed lidar monitoring of the ozone vertical distribution up to the 48-km altitude level. Extrapolations show that precisions better than 3% are within the range of the expected performances of updated lidar systems. Such a station will be implemented at the Obscrvatoir½ de Haute Provence to determine, from a statistical analysis of experimental uncertainties and ozone short-term variations, the potentiality of the lidar system for network monitoring of ozone trends in the upper stratosphere.
